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CHAPTER I
THE PROBLEM AND DEFINITIONS OF TERMS USED
It is a well established fact, though regrettable, that one of
the major health problems of today's developing world is protein-calorie
54
malnutrition. The disaster of an insufficient food supply compounded
by ignorance, superstition and poverty, means that hunger is a way of
life for millions. "Despite all that has been done, the problem of hun-
,,4ger remains unsolved and, indeed, threatens to grow larger. The most
appalling aspect of this problem is the toll it takes in the lives of
young children. Although many may have a borderline or sufficient
quantity of protein available in the daily diet, the inadequate quality
80of this protein means stunted .growth, mental retardation and frequent
death for a high percentage of children in such areas.
The challenge of this urgent problem has been taken up by various
groups of workers around the world. Due to inavailability, expense, and
lack of storage facilities, it may never be feasible to provide adequate
quantities of animal protein foods to meet the world-wide demand; there­
fore, research has turned to other less expensive or locally available
sources for answers to food needs. As will be explained more fully
later, the search has been directed toward three possible solutions:
mutual supplementation of various types of plant proteins, supplementa­
tion of plant proteins with small amounts of animal proteins (particularly 
skim milk and fish meal), and addition of limiting amino acids to plant
1
2
protein mixtures. This study has been concerned with the first area.
that of mutual supplementation of vegetable protein foods.
I. THE PROBLEM
It was the purpose of this study (1) to develop practical sup-
plementary combinations of plant proteins; and (2) to determine the
relative effectiveness of each mixture by the protein efficiency ratio
method. In development of these combinations, it was assumed that the
foods included would be used in the normal human diet in approximately 
the calculated proportions—not that these should constitute any special 
commerically prepared product. Most of the foods used are readily and
economically available throughout the southern United States and Central
America.
II. DEFINITION OF TERMS USED
Limiting amino acid. Limiting amino acids are those essential
amino acids which are deficient or lacking in a given protein. These 
must be considered particularly when dealing with plant proteins. A
protein can promote growth or maintain health only to the extent of
44availability of its most "limiting" amino acid.
Amino acid supplementation. Supplementation of amino acids
may be accomplished by combination of two or more proteins when each 
has different limiting amino acids. Such supplementation is especially
effective when one protein contains relatively high amounts of the
3
Evi-amino acid which is low in the protein with which it is combined, 
dence will be presented later which indicates that this type of supple­
mentation between plant proteins frequently promotes better growth and 
health than any one of the proteins would individually•
The protein efficiency ratio is an 
evaluation of protein quality based on grams of weight gained by an 




REVIEW OF THE LITERATURE
The problem of protein malnutrition is of international importance
and interest, and its various aspects are being studied by a number of
Reports of the most prominent and pertinent work have been re­groups .
viewed as a background for this paper.
I. THE SCOPE OF PROTEIN MALNUTRITION
It has been only in recent years that extensive study has been
given to the health problems of underdeveloped lands (commonly termed
developing or emerging countries). Assessing the nutritional status
79of a country is far from simple. As Schaefer points out, it is mis­
leading to judge an entire area by the "people in the street," since
they are generally the most healthy and normal, while ‘the more severely
36 in hermalnourished are not active. This was illustrated by Downs
study of Arab children that were considered to be healthy, but showed
Their general de­an increasing lag behind Western growth standards.
development corresponded to their size so that "without knowledge of their 
exact age, they could have been taken for healthy younger children."
Repeated measurement of the weight and height of these youngsters re­
vealed that their growth was indeed retarded, and a slow by steady drop
in plasma albumin together with a mild, persistent anemia pointed
toward protein-calorie malnutrition. Close observation of the facts
4
5
frequently reveals that even among apparently normal people average life
expectancy is short and the death rate of children under five is 
phenomenal. Bengoa11 found that official death certificates frequently 
indicate diarrhea to be the leading cause of mortality in children,
but that "a great proportion of deaths attributed to either diarrheal
diseases or parasitism are really due to severe malnutrition." In many
areas the mortality of one to four year olds is 30 or more per 1000,
as compared with one or two per 1000 in the United States and England.
The "one to four" mortality is considered to be a critical index of the
true nutritional status of a people.
It must be remembered, however, that any solution to such a
problem must aid people far past infancy, since the Food and Agri­
culture Organization asserts that approximately 1.5 billion people
today are suffering from varying degrees of malnutrition.3
52reminded by Jansen and Howe among others, that in a majority of 
cases, the deficiency is one of quality rather than quantity of pro-
We are
tein. Frequently, sufficient quantities of cereal foods are consumed
to provide a reasonable level of protein; but the cereal products are
known to be low in one or more essential amino acids, and because
little else may be eaten the diet cannot maintain health and vigor.
50 51Howe * further asserts that the long range goal of improving pro­
tein intake by supplementation with individual amino acids is the most
reasonable solution. Until this method is practical, however, the gap
42must be filled by whole foods such as oil seeds, legumes and fish
meals, etc.
6
II. REQUIREMENTS OF A PROTEIN SUPPLEMENT
One may diagnose and suggest solutions for this nutritional problem
with relative ease by comparison to the gigantic task of making these
proposals practical and appealing for several million hungry families.
Foods that are locally available and easily stored have high priority
Behar^ suggests several additionalin any proposed dietary change.
factors that must be considered, such as toxic or other interfering
substances, processing which might damage nutrients, and the amino acid
balance of the final combination. The importance of the latter was em-
44phasized by Harper who pointed out that if a diet deviates sufficiently
from the "ideal" amino acid pattern, there will be a depression in food
intake resulting in poor growth or maintenance. Once these technical
problems have been surmounted, only the greatest obstacle remains—
acceptance by the people. Not only must a dietary supplement provide
calories and high quality protein, but it must also be in a form that 
will fit easily into the normal pattern of diet and be palatable to 
the people for whom it was designed. Frequently when a satisfactory
product or dietary pattern has been developed, an unending educational 
program is required to insure that suggestion becomes habit. Doubtless,
the classic example of success on all counts is Incaparina produced by
13-22the Institute of Nutrition of Central America and Panama (INCAP).
This product is a dry mixture which, when boiled with water, yields a 
thin gruel very much like that consumed daily by people of that area 
(atole). The product is inexpensive, even by local standards and has
7
been shown to be effective in correcting protein malnutrition.
No single combination of foods will fill the needs of all people.
nor will supplementation of vegetable proteins necessarily solve their
45nutritional problems, but as Hegsted suggests, as long as "optimum"
remains such an elusive term, our responsibility is that of providing
at least minimum requirements for as many peoples as possible—in ways
best suited to each.
III. DETERMINATION OF PROTEIN EFFECTIVENESS
As previously mentioned, an essential step in developing a pro­
gram of protein supplementation is insuring that the combination of
9Beharamino acids will be an improvement over a previous dietary.
summarizes the steps that must be followed before mass consumption can
be advised:
(1) Testing on at least two animal species to demonstrate
biological value.
(2) Testing acceptability and effectiveness on human
subjects.
(3) Determining acceptability by field trials on small
population groups.
The scope of this study lies within step (1).
Numerous methods have been devised for determining the value
of proteins, each of which have merits under given circumstances. 
While theoretical methods^* ^ such as calculations based upon amino
8
acid composition tables have a place in any study, we do not yet know
enough about the true availability of amino acids in most foods to be
able to predict their value on this basis alone. It is necessary,
therefore, to determine their effectiveness in animals before human
94trials are made. The two methods most widely used for this purpose
are nitrogen balance and protein efficiency ratio. Of these two, the
latter seems to yield the more consistently reproducible results. In
46spite of some efforts to minimize the importance of reproducibility
48 among others still insists that this factor is aof results, Henry
major one to consider in choosing a method of study.
Little changed since it was first suggested by Osborne, Mendel




It is based on the growth-promoting value of a protein used in an other-
7 6wise adequate diet. PERs range from 0 to 4, with most legume proteins
giving values of 0.5 to 1.5; cereals approximately 1.0 to 2.0; while
milk, meat and egg proteins range between 2.5 and 3.5 under standard 
conditions.6
This method is not without limitations, as pointed out by its 
early investigators. Those of most consequence have been well outlined
10 76by Bender and Doell and by Rippon. First, this technique makes no
allowance for the normal maintenance requirements of the test animal
9
(a factor that is overcome in some other methods by running a non­
protein control). Secondly, it is obvious that the results vary with
food intake. This could cause a distortion in the relationship between
values when low food intake results in slow weight gain. The third
drawback is in the assumption that all gain in body weight is an indica­
tion of protein tissue laid down. There is evidence that carcass analysis
reveals a certain amount of variation in the type of tissue developed
with different protein sources. Bender's study, however, found very
little variation in fat content of animals on different diets, indicat­
ing that this last problem may have less significance than previously
held.
46, 47
has made a special effort to show thatHegsted, et al.,
there is nothing to be gained by the extra work of calculating PERs.
He maintains that equivalent results may be obtained simply by noting
76weight gain, inasmuch as both are relative classifications. Rao, on
the other hand, found that variation between results of different
laboratories was reduced by at least fifty per cent by taking food
consumption into account through calculation of the PER. All things
considered, it seems that the PER is still the most consistently reliable 
of the simpler methods for protein evaluation. This procedure is
routinely carried out using rats under carefully controlled conditions,
43 shows that it may also be used in infants and young children.but Gyorgy
The usual procedure for human determination is the nitrogen balance
method.
10
IV. PREVIOUS STUDIES IN SUPPLEMENTATION
Reports of previous studies in the supplementation of vegetable
proteins can be most easily and reasonably classified according to the
area of the world from which they originate. A brief resume will be
presented of each study selected, since it seems that the collective
evidence of their results gives a better picture of the true progress
in supplementation of vegetable proteins than could be gained from the most
carefully written analysis.
Central America. Probably the most widely known and recognized of
the groups that have undertaken protein supplementation studies is that
12-21, 78 in Panama (INCAP). Estab-of Bressani, Scrimshaw and others
lished in 1946, the aim of INCAP was to raise the nutritional status
of Central America and Panama through research and education. To date.
this group has been responsible for the development of several vegetable 
protein mixtures which have been found satisfactory for human use, two
of which are commercially produced under the name Incaparina, and are
available at reasonable cost. The latter two are commonly referred
to as INCAP Vegetable Mixtures 8 and 9. When 25 grams of a mixture is
boiled in one cup of water for 15 minutes, the result is a thin,
''earthy" tasting gruel which is much like a food eaten daily by people
of that area. This may be flavored with any of a number of common
seasonings and served hot or cold.













This mixture contains 25.1 per cent protein, and when prepared accord­
ing to directions (as described above) is reported by the investigators
to have approximately the same protein composition as milk. The mix­
ture has been tested with chicks and rats. According to rat growth
studies, the PER of this mixture is 1.75 to 1.88 as compared to a
These values seem low to be classed ascassein control of 2,16.
comparable with milk, but perhaps human trials have born out their
Further study of Mixture 8 has shown that sorghum,effectiveness.
rice or buckwheat may be substituted for lime-treated corn with com­
parable results—in the case of buckwheat, the quality is somewhat
Perhaps this knowledge will allow adaptation of this mix-improved.
ture to other areas of the world.
It was through study of the substitution of relatively lysine-
15, 17, 22rich cottonseed flour for sesame flour that Vegetable Mixture 9
evolved. It was composed of:
Per centFood
28Whole ground corn 









The mixture contains 27,5 per cent protein, and yields PERs of 1,82 to
When study revealed that the leaf meal made no contribution to 
the protein value of the mixture, it was removed and vitamin A was sub- 
When this final mixture was studied in growing and protein-
2.05.
stituted.
depleted rats it was noted to be inferior to animal proteins when both 
were fed at a low level (10 per cent); however when fed at higher
levels (20 per cent), the vegetable protein mixture gave a response
more nearly like that of animal protein.
Since cereals are known to be low in lysine and legumes are
Blackquite low in methionine, each tends to supplement the other.
beans are used widely in Central America, but little was known about
how they might be used to most effectively supplement the predominantly
19, 20 undertook tocereal diet of those countries. The INCAP group
discover optimum combinations of black beans with lime-treated corn
The PER of rice alone was 2.2, that of corn wasand polished rice.
1.05, while rats receiving only black bean protein lost weight. In­
creasingly improved growth results were reported as beans replaced
A higher percentage of beanthe protein of corn up to 50 per cent.
Up to 40 per cent of bean protein 
could be substituted for rice protein with improvement in quality in
protein gave diminishing returns.
The combination of beans with corn gave a PER of 2.1,that mixture.
and that of beans with rice gave a PER of 2.54—both considerable
improvements over the individual values. The conclusion was that
"proper combinations of different vegetable protein sources can
13
supply to the animal the essential amino acids to meet body needs for
growth."
India. A large part of the study of protein supplementation
today is being carried on in India, a country much in need of increased
89-93 are probably theand improved food sources. Tasker and co-workers
Some of their researchmost active group in that area of the world.
has involved supplementation of commonly available foods with peanuts
or groundnuts as they are frequently called. Although this legume is
limited in content of several amino acids, it is easily grown and well
91accepted, especially by children. It was found that the addition of
five per cent peanut protein isolate to a maize diet, resulted in a very
significant increase in the growth rate of rats, although it was not
In anotheras great as that observed with skim milk supplementation.
93 peanut flour was supplemented with coconut meal, which isstudy
also available in India. PERs after four weeks were 1.81 for peanut
meal and 1.98 for coconut meal, but 2.28 for the combination of the
Again this was not as high as the skim milk control, but practi-two.
cal improvement is preferable to unattainable perfection.
Realizing the difficulty of providing excellent quality protein
from entirely vegetable sources, much of the work done by this group
has centered around the development of supplements containing minimal
amounts of skim milk powder or limiting amino acids. Good results
followed trials of a four to one blend of peanut meal with skim milk 
91 and supplementation of groundnut flour with 1-lysine.powder.
14
88dl-methionines and 1-threonine. Unfortunately, it has not yet been
possible to utilize such products widely. Perhaps this is one of the
great technical challenges of the future.
82, 83Shurpalekar, et al.. appraised the nutritional status of
children in India and other areas of the world, and concluded that a
milk substitute of vegetable origin was needed to provide nourishment
for weaned youngsters. A spray-dried powder was prepared from soya­
beans and groundnuts in a 2:1 blend, which showed a PER of 1.93.
Methionine was limiting in this mixture, so four parts vegetable milk
powder were combined with one part skim milk powder with a resultant 
PER of 2.49 (compared with 3.21 for skim milk powder alone). It was
felt that the 4;l blend would be adequate to meet the nutritional needs
of young children. When the vegetable milk substitute was supplemented
with calcium and vitamins, its growth promotion was enhanced to the
extent that it was felt to be worthy of commerical production, 
last observation was consistent with those of Prabhakar, et al.,7^ 
and of Joseph, et al.,56> who found that groundnut flour failed to in-
This
crease growth significantly when added to a poor rice diet. When the
groundnut flour was fortified with calcium and vitamins, however, both
growth rates and nitrogen retention were significantly increased.
31Another use of soyabean flour was studied by Daniel, et al.
A combination of 64 parts soya flour with 36 parts sesame flour gave
a PER of 2.70 after four weeks of rat growth. When 40 parts skim milk
powder were added to 28 of soya flour and 32 of sesame flour, the PER
15
Fortification of these blends with 1-lysine and dl-methi-rose to 3.34.
onine brought the PERs to 3.30 and 3.49, respectively. Again the use of
skim milk powder or isolated amino acids would be beneficial, but the
plant protein blend was of sufficiently high quality to constitute a
very worthwhile addition to a poor rice diet.
The individual PERs of several foods were observed by Jones and
55Divine. They found wheat flour to have a value of 0.75 and 1.15,
Thepeanut flour 1.95, cottonseed flour 2.05, and soyabean flour 2.35.
addition of as little as five parts of peanut, cottonseed or soyabean
flour to 95 parts of wheat flour increased the level of protein by
16 to 19 per cent, and it was hoped that it would likewise increase
the value of the wheat protein. When wheat flour was supplemented
with a mixture of the other three flours mentioned, the PER was in­
creased to 2.22 (compared with 2.78 for skim milk powder control).
This was a highly significant increase over the original poor wheat
diet.
The nutritive values of composite protein foods based on blends
of groundnut, soyabean, chickpea (Bengal gram), and sesame flours
59have been determined by Krishnamurthy, et al., as follows:
Blends 
II IIIProtein sources I IV Control
Low-fat groundnut flour 
Low-fat sesame flour 
Processed soya flour 
Bengal gram flour 
Skim milk powder





Protein Efficiency Ratios 2.07 2.30 1.70 2.13 2.55-2.71
16
All mixtures produced marked increases in the growth promoting value of
a poor rice diet, and although there was some difference between PERs of
the vegetable mixtures and the skim milk control, there was no signifi­
cant difference in mean hemoglobin levels in blood of animals fed on
Apparently a mixture such as Blend II might beany of the rations.
used very effectively in improving many Indian diets.
Though the main interest of this study was in preliminary deter­
mination of protein quality by study of the growing rat, it seems wise
to make brief reference to studies that involve human trials of the
types of vegetable protein mixtures that have been discussed.
34 matched 25 pairs of boys (5 to 12 yearsDoraiswamy, et al..
of age) in an orphanage and randomly assigned members of each pair to
the control or experimental groups. The experimental group received
about 20 grams of protein per day (above the minimal amount in their 
normal diet) from a blend of soyabean flour, groundnut flour and coco­
nut meal, fortified with vitamin A and D, thiamine, riboflavin and
The control group received an isocaloric cereal sup-calcium salts.
Height, weight, red blood cell count and hemoglobin wereplement.
recorded at the beginning and end of the six-month period of study.
and were the parameters used in determining the effectiveness of the
protein supplement. By these standards, seventeen children in the
experimental group improved in nutritional status as compared with
Four boys in the control group showedonly six in the control group.
deterioration in nutritional status, against none in the experimental
17
The results, while not overwhelming, showed a definite trend ingroup.
the right direction.
35
conducted a similar experiment using ground-This same group
nut and garbanzo flour supplemented with fish’flour (in a 2:1:1 ratio) 
They reported that following six-month use of thisand vitamins.
mixture at 20 grams per day, 80 per cent of the experimental group 
improved their nutritional status, whereas only 17 per cent of the
control group improved. None of the children in the experimental
group showed nutritional deterioration, but 17 per cent of the control
group had regressed.
Middle East. Protein-calorie malnutrition has been recorded
in infants as young as three months of age in middle eastern countries.
To combat thisand is a serious threat to many weaned children.
3 87problem, it was the hope of Asfour, Tannous and their associates
to develop a protein-rich mixture which would be high in the needed
nutrients and readily acceptable to both mothers and children of
They were guided in their search by knowledge of a favor-that area.
ite middle eastern dish which combines mashed cooked chickpeas and
crushed decorticated sesame with lemon juice as seasoning. If they
could compose a blend of foods that was similar in flavor, mothers
would be much more likely to buy and prepare it for their children
The various trial mixtures arethan if it were strange to them.
shown in the following table:
18
Laubina









Vitamins A and D
6860 60 6240








2.20Protein Efficiency Ratios 2.702.00 2.302.44
Casein control PER 2.85
These mixtures were given the name of Laubina (referring to the Ameri­
can University of Beirut where the work was centered). The protein
value of Laubina 104 compared favorably with that of casein. It was
felt by the investigators that Laubina 103 would also be a very satis­
factory product—and even more acceptable to infants because of its
The effectiveness of 103 over 102 was ofvegetable oil content.
particular interest because the major difference was that 103 lacks
sesame, which was thought to be a rich source of the methionine and
cystine in which the entire mixture was limiting. Questions about
a possible toxic factor in sesame have not yet been answered. The
omission of skim milk powder in Laubina 105 caused a marked drop in
the response of growing rats, which may have been due to decreased
content of riboflavin.
A companion study was designed to determine the effectiveness
of the Laubina mixtures as supplements to mothers' milk. Testing of
Laubina 102, 103 and 104 indicated that they were well tolerated by
healthy infants to whom the supplement was introduced at five months
19
Growth of the infants in the experimental group compared favor-of age.
ably with that of a control group to which egg yolkj bananas, cereals
and vegetables had been introduced at the same age. Infants recovering
from marasmus also responded with positive nitrogen balances when the
Laubina mixtures were given in sufficient quantities to supply protein
needs. Laubina 103 gave the best values of nitrogen retention when it
was the only source of protein received by the children.
It was the aim of this group to produce the Laubina formulas
for 18 cents per pound or less—a price they considered manageable
even for the poorer classes. Since processing accounts for approximately
one-half of the retail cost, modifications are now under study to make
these protein food supplements available to all who need them.
West Africa. Africa is the one major area of the world where
people suffer widely from lack of quantity as well as quality of pro­
tein . The cassava and yam-eating peoples may get a sufficient number
of calories, but the protein intake is so low that supplementation
50 60must be entirely beyond the normal diet. Ladell and Phillips
studied the results of adding groundnut flour (33 grams) and an animal
protein (15 grams) to the 8 grams of protein available in the local
cassava diet of adult Nigerian men. These men maintained "exact
nitrogen equilibrium," and the digestibility of the groundnut was
found to be quite high. Inasmuch as this food may be readily grown
in many parts of Africa it was felt that it would be a desirable
addition to the Nigerian diet.
20
The largest part of the diet in New Guinea is sweet 
Of themselvess they offer little protein value and there is 
need of heavy protein supplementation to provide an adequate diet.
Bailey studied the response of malnourished children in that area to a 
whole peanut preparation (more acceptable than the defatted peanut flour)
It was indicated that this food
New Guinea.
potatoes.
which he found to be well tolerated.
could be expected to give adequate recovery from kwashiorkor, although
results would probably be slower than those observed with the use of
"It is not argued that peanut foods are just as good asskim milk.
cow's milk, however, the latter have the disadvantage of sometimes in­
troducing bacterial diarrhea, and peanuts have the all-important ad­
vantage of being easily produced locally."
In summary, it seems appropriate to recall the earlier mentioned 
suggestion of Hegsted^ that even though supplementation of vegetable
proteins may not yet have supplied all answers to the widespread
problem of malnutrition, it is a definite step in the direction of
meeting minimum requirements for many people.
CHAPTER III
EXPERIMENTAL PROCEDURES
The experimental phase of this study was carried out in two 
parts. Study I might have been more appropriately called a pilot, 
since it involved PER determinations of individual food sources, 
whereas Study II involved PERs of supplemented mixtures. Standard 
procedure for protein efficiency ratio determination can be stated 
briefly as recording weight gain and protein consumption in weanling
rats fed a 10 per cent level of protein with an otherwise adequate
39, 67diet for a four week grov/th period. This basic pattern was the 
guide for both studies, since it has been shown to give the most con­
sistently reproducible results, and most effectively shows differ­
ences between protein sources.
I. RATIONS
Composition. All rations were based on a 10 per cent level of
protein. In Study I, a commerical soy fiber product, a comrnerically
prepared gluten, lentils, and pinto beans were used individually as
For Study II, lentils (Groups 200a and 
200b) and pinto beans (300a and 300b) were each supplemented with two
single sources of protein.
combinations of a cereal and an oilseed. A control group received
non-fat dry milk as its protein source. Protein composition of all
rations is shown in Table I.
21
TABLE I
PERCENT OF TOTAL PROTEIN IN RATION FROM VARIOUS SOURCES
Study II















Peanut meal ('whole) 















The mixtures were made isocaloric by addition of cornstarch
to provide 74 per cent total carbohydratea and hydrogenated vegetable
To assure adequate intakeoil to yield a total of 10 per cent fat.
of other nutrients, 4 per cent of a standard salt mix and 2 per cent 
of a vitamin mixture (see Table II for complete analysis) were added
The percentage composition of the diets is consistentto each ration.
67with recommendations for such studies.
All foods were purchased at a local market.
U ft 9Since many raw legumes are known to be toxic, » »
pinto beans were soaked in cold water for 24 hours, and then boiled
Preparation.
75 lentils and
until tender. These, as well as pecans, peanuts, gluten and soy
fiber were finely ground.
Moist ingredients were freeze-dried (by Delta Laboratories,
Inglewood, California) since it has been shown that this type of de-
32hydration causes little, if any, damage to protein and other nutrients.
The freeze-drying was handled in two lots, and the processed foods were
The dried foods were quite powdery.stored in sealed cans until used.
although some further grinding was required to eliminate lumpiness.
To reduce bulk and cost, rations were prepared after freeze-
drying so that normally dry ingredients (cornmeal, corn starch, and 
wheat flours) need not be processed.
II. GROWTH STUDIES
Animals. Weanling rats of the Sprague-Dawley strain were
housed in individual wire-bottom cages, and maintained at 76 to 78°F.
24
TABLE II
















































The animals were allowed water and food ad libitum—ration was sup­
plied in special double cups designed to minimize scattering.
It has been found that the most consistently satisfactory re­
sults are obtained when PER studies are conducted on male rats only.
Females tend to have more erratic growth patterns; however, because
of interest in studying the effect of various rations upon the re­
productive patterns of rats, it was decided to include several females
in each experimental group. Separate statistical analyses were carried
out on each sex, and the results for the male groups may be considered
to be the more reliable.
The four groups were eachTwenty animals were used in Study I.
In Study II, 40 animalscomposed of three male and two female rats.
were assigned to four groups made up of six males and four females.
The rats were weighed twice weekly for theCollection of data.
first four weeks of each study, and once per week for an additional
four weeks. Food was replenished and intake recorded as frequently
Any deviations fromas necessary to keep the animals well supplied.
normal for a young growing rat were noted in the log.
Records were kept on the animals for eightLength of study.
PERs and other comparisons, however, areweeks of the growth period.
based on the first four weeks of growth, since that has been deter-
When continued over amined as the optimum length for such studies.
longer period of time, PERs tend to decrease, and differences between
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various proteins become less distinct, since higher quality proteins
39, 67, 75show more rapid decline than lower quality proteins.
III. ANALYSIS
Means and standard deviations were calculated for the weekly
weight gain of each rat, as well as for protein consumed during the
first four weeks of the study, and protein efficiency ratios were
calculated at the end of this four week period. Student's t was used
to determine the statistical significance of the difference between
means of each experimental group and the control group for each of
these variables. The same statistic was used in comparing mean PERs
of males and females within each group of Study II.
In Study I, male rats were used in comparisons since there
were only two females per group.
CHAPTER IV
RESULTS OF STUDY
The mean PERs for each group of animals are shown in Tables III,
Student's t values are also given for the comparison of eachIV and V.
experimental group with the control group.
I. STUDY I
Growth. Due to the very small size of the groups in this sec­
tion of the study, only the male groups were used for t comparisons
(see Table III). Rats receiving protein from a soy fiber product (000)
gave ^ERs that were not statistically different from those of non-fat
The animals were vigorous and developed heavy, lustrousdry milk.
adult fur. Because these animals showed such good response to the
diet, they were retained for reproductive studies (see below).
The PERs of animals receiving gluten (100), lentils (200), and
pinto beans (300) were very low by comparison with the control. Al­
though all rats in these groups were active and responsive throughout
the study, the fur on most of the animals remained soft and easily
rumpled like that of very young rats. Animals in the pinto bean group
were in slightly better condition than those of the other two groups. 
In only one instance (group 200) was there actual denuding of hair on
the side of an animal. Figures 1 and 2 show eight week growth curves
for each experimental group and the control (see Appendix Tables VII
to X for means and standard deviations of cumulative weight gains.)
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TABLE III
STATISTICAL COMPARISON OF ONE TO FOUR WEEK 
WEIGHT GAIN, PROTEIN CONSUMPTION AND PROTEIN EFFICIENCY RATIOS










t value*Mean t value*S. D.Mean t value*Mean S. D. Mean S. D.
gm. gm. gm.
000 62 3.908 (R)121 12.1 4.270 (R) 1.040 (A)43.8 1,45 2.75 .185
100 8.734 (R)60 23 2.008 (A)14.2 12.469 (R)25.0 6.32 0.90 .304
200 60 9.252 (R)30 3.8 1.350 (A)27.9 13.509 (R)1.70 1.08 .072
6.949 (R) 0.975 (A) 9.975 (R)300 61 45 29.05.3 1.65 1.55 .092
700
(Control) 57 92 11.0 31.7 4.68 2.91 .223
*Hypothesis: (experimental) = /^(control)
is 2.228 at Oc of 0.05t(10)
(A) = accept hypothesis
ro




Figure 3 uses groups 000, 100 and 700 to illustrate the decrease of
PERs after 4 weeks of study.
Reproduction. As stated above, the animals which received
the ration containing the soy fiber product showed excellent growth
At the conclusion of the growth phase, therefore, the tworesponse.
females were housed with males of the group for reproductive study.
Twenty-nine days later, one female cast a litter of ten with a mean
All young were dead within two hoursbirth weight of 4.9 grams.
The second female of this group failed to conceive evenafter birth.
after being housed with both experimental and stock males.
Two females of the control group under similar circumstances
One cast seven young with mean birtheach cast litters within 28 days.
weight of 6.4 grams; six young were weaned (22 days) at a mean weight
The other female cast 12 young with mean birth weightof 31 grams.
of 5.3 grams, of which four were weaned at a mean weight of 28 grams.
II. STUDY II
Although all male groups of Study II (refer to Table I, page
22, for protein composition) showed PERs that were significantly lower
than that of the control group, the values seem to be good, and are
significantly higher than the PERs of lentils and pinto beans alone 
as shown in Study I (see Table IV). It is interesting to note that











MEAN PERS AT 2, 4 AND 8 WEEKS 
OF STUDY I
TABLE IV
STATISTICAL COMPARISON OF ONE TO FOUR WEEK 
WEIGHT GAIN, PROTEIN CONSUMPTION AMD PROTEIN EFFICIENCY RATIOS










t value* t value*Mean S. D.Mean t value*Mean S. D. Mean S. D.
gnu gnu gnu
5.564 (R)200a 56 1.794 (A) 5.748 (R)63 7.6 27.6 3.82 2.29 .167
5.721 (R) 1.542 (A)200b 55 6.125 (R)65 4.2 28.5 2.71 2.28 .134
3.287 (R) 0.368 (A) 5.041 (R)300a 57 72 12.1 31.0 2.68 2.31 .225
3.794 (R) 1.492 (A)300b 71 3.656 (R)58 9.9 28.6 2.74 2.47 .232
700 57 92 31.711,0 4.68 .2232.91
(Control)
‘^'Hypothesis: (experimental) = (control)
is 2.160 at of 0.05t( 13)
(A) = accept hypothesis
(R) = reject hypothesis CO
CO
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pronounced between the female groups than the male groups (see
Figures 4 and 5 show eight week growth curves for animals 
of this study (see Appendix Tables XI to XIV for means and standard 
deviations of cumulative weight gains).
A factor which seems as important as the PERs themselves, is
Table V).
the condition of the animals at the close of the growth study. Rats
in groups 200a and 300a began showing shaggy and matted fur about
By the end of the eighth week manythe fourth week of the study.
animals in these groups (both males and females) showed areas of
In groups 300a and 300b one or more animals developeddenuding.
severe respiratory symptoms; several animals in these groups be­
came very ill-tempered as displayed by resistance to handling and
vicious biting.
Student's t tests were performed to determine differences
between mean PERs of males and females on each experimental ration.
Table VI shows that In no case was the difference of the means found
It can also be noted that PERsto be statistically significant.
for females did not fall consistently in one direction, but were
observed to be above and below the values for males in approximately
the same number of cases.
TABLE V
STATISTICAL COMPARISON OF ONE TO FOUR WEEK 
WEIGHT GAIN, PROTEIN CONSUMPTION AND PROTEIN EFFICIENCY RATIOS










t value’” t value*Mean S. D.Mean t value*Mean S. D. Mean S. D.
gm. gni. gm.
0.761 (A)2.880 (R) 4.336 (R)200a 52 57 11.2 27.8 4.56 2.05 .142
1.758 (A) 0.358 (A) 2.558 (R)2.22200b 52 68 29.1 2.32 .1999.4
0.974 (A) 0.402 (A) 2.160 (A)30.975 2.89300a 48 6.8 2.43 .010
0.160 (A)2.077 (A)300b 51 3.000 (R)66 2.9 29.6 2.25 .1751.21
700 51 83 15.6 30.0 4.18 2.76 .306
(Control)
“Hypothesis: (experiemental) = /^(control)
t(8)
(A) = accept hypothesis 
(R) = reject hypothesis
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FIGURE 5
GROWTH CURVES FOR FEMALE ALBINO RATS: STUDY II
TABLE VI
STATISTICAL COMPARISON BETWEEN PROTEIN EFFICIENCY RATIOS 
OF MALE AND FEMALE ALBINO RATS
WITHIN EACH EXPERIMENTAL GROUP IN STUDY II AND CONTROL GROUP
Female PERMale PER Deg. of 
Freedom t values*S. D.S. D. MeanGroup Mean
2.3S9 (A)2.29 .167 2.05 .142200a 8
0.359 (A)200b 2.32 .199 82.28 .134
1.009 (A)82.43 .0102.31 .225300a
1.589 (A)8.1752.252.47 .232300b
1.040 (A)13.3062.76.2232.91700
‘^Hypothesis: /^(male) = /^(female) 
At OC of 0.05: t(g) is 2.306
is 2.160t( 13)






Soy fiber. Animals receiving soy fiber protein both consumed 
and gained significantly more than control rats, with a resultant PER
that was only slightly below that of the control. The good growth
results were consistent with previous reports on soyabean products,
55 <which suggested PERs of 2.2 or above.
The failure of these experimental animals to reproduce, and the
very poor reproductive response of the control group were doubtless due
1, 2Both Ambegaokarto the low level of protein available to the animals. 
29, 30 indicated that a diet containing less than 15 per centand Cowley
40protein could not be expected to give good results. Goettsch concurred
in suggesting that a 16.3 per cent level of protein was found to be good
for reproduction and lactation, yet not so high that it obliterated
differences between protein sources. Study in depth of the reproduc­
tive responses of rats receiving protein at several levels and from
various sources would be of great interest and practical importance.
Gluten. Weight gain of animals receiving wheat gluten was very
poor, although their food consumption was not significantly below that
86of the controlsf• Tannous reported a PER of 0.32 for gluten; the
value of 0.90 for this experimental group may have been due to the
fact that a commerical product containing a small amount of soy pro-
39
40
The poor growth response to gluten might be expected,
since gluten is known to be severely limiting in lysine.
tion of gluten with lysine and threonine has been found to be benefi-
49cial in improving its quality.
tein was used.
8 Supplementa-
Although they are good sources of lysine, lentils
69, 75
Lentils.
and other legumes are limiting in methionine and tryptophan. 
Therefore, the PER of 1.08 obtained from growth of animals receiving
lentils (Lens esculenta) as the only source of protein was typical.
77 gave a figure of 1.2 for cooked lentils. Cooking tends
and
Rao, ejt al_.,
to inactivate the growth inhibitors found in most raw legumes,
62has been shown to improve the quality of lentil protein.
The observed PER of 1.55 for pinto beans (PhaseolusPinto beans.
77vulgaris) is also consistent with a previously reported value of 1.5.
It has also been found that this legume must be soaked for 12 to 24 hours
fi 2as well as cooked to destroy its toxicity. It was interesting to note
that pinto beans gave a significantly higher PER than did lentils, with
the condition of the animals being correspondingly better. Neither,
however, would be considered adequate to promote normal growth or
health.
II. STUDY II
Cereal grains are known to be limiting in lysine, but adequate
Legumes are limiting in methionine andin methionine in many cases.
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tryptophan, but many contain quite liberal amounts of lysine, 
therefore seems reasonable to expect that a combination of the two 
types of foods would be higher in protein value than either of them 
individually
The results of this study likewise concur that mutual supplementation
It
and much evidence has been cited to support this idea.
of cereals and legumes may have beneficial results.
The protein values of lentilsLegume with cornmeal and peanuts.
Each of these legumesand pinto beans have been discussed under Study I.
was supplemented with a combination of whole yellow cornmeal and whole
ground roasted peanuts.
Cornmeal and other corn products are used extensively in the
southern United States, Mexico and Central America. In some areas.
corn contributes between 50 and 75 per cent of the daily protein in­
take. This presents quite a problem, because corn has been shown to
21, 85be limiting in lysine, tryptophan, methionine and isoleucine
18and demonstrated a PER of approximately 1.0.
Peanuts (Arachis hypogaea) have been studied extensively, and
reports of their effectiveness in supplementation have already been
It was found that a moderate amount of heat (such as thatmentioned.
involved in roasting for commerical use) was not damaging to peanut
protein,0 but excessive heat was destructive to lysine by causing a
24, 25, 27 63McOsker found lysine.block in its epsilon-amino group.
threonine and methionine were limiting in that order in roasted pea­
nuts, whereas they had been equally limiting in the raw legume.
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Despite its limitations, many investigators have reported good results
with the use of large quantities of peanuts because they are so accept-
12, 28, 53able to young children. Unfortunately, widespread use of
peanuts has been curtailed because of a much studied aflatoxin,
33Aspergillus flavus, which results from unsanitary harvesting or
storage and which is known to cause hepatic carcinomas and death in 
61 23rats, turkeys, guinea pigs and other animals.
Lentils, pinto beans and peanuts all are or could be readily 
produced and cheaply distributed in the areas where corn is used 
extensively. Therefore it was of interest to study the supplementary 
effects of these foods. The PERs for groups 200a (2.29) and 300a 
(2.31) are slightly better than those cited for the INCAP vegetable 
mixtures (1.75 to 1.85), a difference probably due to variation in
procedure rather than superiority of the amino acid ratio, since the
INCAP control was also low by comparison to this study. Of greatest
concern with these groups of animals was the fact that despite their
acceptable growth, they manifested other symptoms of nutritional
37, 38deficiency or imbalance. Edwards mentions similar denuding of
forcefed animals receiving peanuts as a major source of protein, 
was hoped that since the test diets of this study did not depend upon
It
a single protein source, better results would be observed, but this 
factor remains open for further study. Even though the diets were cal­
culated to adequately meet the vitamin and mineral needs of the animals.
a non-protein factor cannot be ruled out at this point.
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Legume with wheat flour and pecans.
used by peoples in many parts of the world and have been shown to
7 55have PERs of approximately 0.7 to 1.6. * 
been made to studies in which wheat was effectively supplemented
Wheat flours are also
References have already
with other good protein sources.
To our knowledge there has been no study made of the supplemen-
This nut is widely used in the southeasterntary value of pecans.
United States,
Again, the PERs for groups 200b (2.28) and 300b (2.47) compare
favorably with previous studies involving the same type of supplemen-
The animals in these two groups appeared to be in better con­
dition than those of groups 200a and 300a.
tation.
Between the fifth and
seventh weeks of the study, however, several animals developed either 
respiratory problems or anti-social behavior—but not both in the same
rat. This, also, leaves an open question about rations which otherwise 
gave growth results that are generally considered to be satisfactory. 
Further study might involve determination of factors responsible for 
the unsatisfactory developments in the condition of the animals. It 
would also be important to study variations of rations used in this 
experiment to discover how they might best be improved.
CHAPTER VI
SUMMARY
In view of the shortage of high quality protein in many parts
of the world today, there is need for extensive study in the area of
mutual supplementation of vegetable proteins. To be useful, such sup­
plements must be easily available, economical, and well suited aes­
thetically to the peoples for which they are planned.
Studies are being conducted in various areas of the world in an
effort to develop locally practical methods for improving both quality 
and quantity of protein intake for the 1.5 billion people who suffer
from malnutrition. Central America, India and the Middle East share
this common problem, and have been in the forefront in attempts to
Many suggestions for improvement have been made, but 
with populations increasing more rapidly than agricultural production, 
progress has been limited.
counteract it.
The protein efficiency ratio method was chosen to study the 
supplementary value of certain combinations of legumes, cereals and 
This procedure is based on the determination of grams of 
weight gained by laboratory rats per gram of protein consumed.
The experimental mixtures were based on 30:50:20 blends of
oilseeds•
legume, cereal and oilseed, respectively, 
when supplemented by either cornmeal and peanuts or wheat flour and
Pinto beans showed slightly, but significantly higher PER in




combination with wheat flour and pecans over that with cornmeal and
In both rations containing cornmeal and peanuts, the rats*peanuts.
fur was in very poor condition at the close of the study. All sup­
plemented rations gave better growth results than were observed or
reported for the individual foods, but the poor condition of many of 
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CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM SOY FIBER
Male Female
Week 001 003 005 S. D.Mean 001 004 S. D.Mean
1 58 21 8 29 25.9 25 2423 1.4
2 76 38 38 51 21.9 55 53 54 1.4
3 97 76 81 85 11.0 69 7686 12.0
4 135 114 114 12.1121 87108 98 14.8
5 156 133 135 141 12.7 108 116124 11.3
6 173 141 148 154 16.8 126142 134 11.3
7 201 170 173 181 17.1 158 133 146 17.7
8 216 179 190174 22.9 160 112 136 33.9
Initial
weight 57 64 64 48 48
cncn
TABLE VIII
CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM GLUTEN
Male Female
Week 101 103 105 S. D.Mean 102 104 S. D.Mean
1 0 2 2 2.04 6 5 0.76
2 3 7 814 5.6 12 9 10 2.1
3 6 11 29 12.1 1715 21 19 2.8
144 17 2440 14.2 28 26 27 1.4
5 17 22 2948 16.6 37 29 33 5.7
6 22 29 55 35 17.4 43 37 40 4.2
7 27 35 59 16.740 47 45 46 1.4
8 25 17.631 58 38 47 45 1.446
Initial




CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM LENTILS
Male Female
Week 201 203 205 S. D.Mean 202 204 S. D.Mean
1 6 8 8 7 1.2 7 10 2,18
2 14 9 18 14 4.5 14 16 15 1.4
3 27 17 25 23 5.3 22 25 24 2.1
4 33 26 32 30 3.8 28 38 33 7.1
5 35 29 41 35 6.0 31 3743 8.4
6 45 32 47 41 8.1 38 51 45 9.2
7 50 37 50 7.546 34 54 44 14.1
8 50 34 60 48 13.1 40 51 46 7.8
Initial




CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM PINTO BEANS
FemaleMale
Week 301 303 305 S. D. 302 304 S. D.MeanMean
1 12 9 3.1 15 17 2.16 8 18
2 25 19 23 22 3.1 33 26 4.930
3 34 30 37 34 3.5 2637 32 7.8
4 43 51 4541 5.3 43 36 40 4.9
5 49 49 59 52 5.8 52 42 7.147
6 61 63 74 66 7.0 50 7.861 56
7 6763 77 7.269 66 52 59 9.9
8 71 78 72 74 3.8 68 59 64 6.4
Initial




CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM 
30:50:20 BLEND OF LENTILS, CORNMEAL AND PEANUTS
Male Female
Week 206 208 210 211 213 215 Mean S. D. 207 209 212 214 S. D.Mean
1 9 14 17 10 7 13 12 3.7 7 15 9 11 11 3.4
2 28 39 35 33 21 31 31 6.2 20 36 28 38 31 6.2
3 54 55 53 46 34 47 7.948 33 50 39 55 10.044
4 61 71 70 62 50 64 63 7.6 48 59 49 72 11.257
795 80 71 7084 71 62 75 8.0 59 75 82 10.663
90896 84 78 82 78 13.766 84 8.9 7668 63 94
7 80 89 87 10.274 77 79 78 7765 8.8 78 64 89
8 100 107 99 97 9688 84 8.4 97 94 79 102 86 13.5
Initial




CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM 
30:50:20 BLEND OF LENTILS, WHEAT FLOUR AND PECANS
Male Female
Week 216 218 220 221 223 225 S. D.Mean 217 219 222 224 S. D.Mean
1 9 13 10 11 12 14 12 1.9 5 1414 11 11 4.2
2 29 39 29 26 2931 31 4.5 21 36 34 36 32 7.2
3 45 56 51 47 9.049 41 47 5.9 49 53 5341 34
9.44 68 68 69 72 75 7063 60 60 65 4.2 54 68
87 86 80 13.85 79 74 75 88 88 87 8180 5.4 60
96 102 92 87 89 12.26 84 83 91 7.4 71 92 93 99
1077 104 94 91 90 94 93 9.586 95 8.3 79 96 101
122 1228 13.7126 115 109 109 117 125 120 1137.3 94 116
Initial
weight 61 67 58 51 42 48 5348 58 48
cr>o
TABLE XIII
CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM 
30:50:20 BLEND OF PINTO BEANS, CORNMEAL AND PEANUTS
Male Female
Week 306 308 310 311 313 315 Mean S. D. 307 309 312 314 Mean S. D.
1 16 16 14 13 13 12 14 1.7 2111 15 16 16 4.1
2 37 40 37 38 33 3.730 36 42 47 32 34 39 7.0
3 57 65 49 53 51 41 53 8.0 4963 64 53 57 7.4
90804 65 7270 7255 12.1 82 79 72 67 75 6.8
5 11296 78 87 93 64 88 16.4 97 90 79 82 87 8.1
98 1166 85 102 103 68 95 16.7 105 94 82 83 91 10.8
1227 102 88 75 102 17.2111 111 111 97 84 12.984 94
122 1378 99 92 121149 128 21.9 127 118 108 104 10.3114
Initial
weight 61 61 67 54 5149 49 4850 46
o
TABLE XIV
CUMULATIVE WEIGHT GAIN FOR ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM 
30:50:20 BLEND OF PINTO BEANS, WHEAT FLOUR AND PECANS
Male Female
Week 316 318 320 321 323 325 S. D. 317 319 322 324 S. D.Mean Mean
1 13 18 8 12 16 1311 3.5 13 14 16 12 14 1.7
2 33 46 26 34 32 38 35 6.7 31 35 34 32 33 1.8
3 52 63 36 46 47 52 49 8.9 45 51 47 48 2.548
71 864 55 72 69 71 71 9.9 63 67 70 66 2.966
5 86 100 67 78 85 86 84 10.9 75 80 81 79 2.780
6 93 107 76 82 88 89 89 10.6 101 85 92 81 90 8.8
7 96 109 80 86 92 93 93 9.8 88 9498 9184 6.2
8 116 144 105 113 116 117 119 13.2 105 114 120 101 110 8.6
Initial
weight 64 56 55 49 51 59 52 52 45 54
oi
TABLE XV
CUMULATIVE WEIGHT GAIN FOR MALE ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM NON-FAT DRY MILK
S. D.701 703 705 706 708 710 711 713 715 MeanWeek
15 4.417 141410141122 12 221
8.7444142 64 4647 4635 34 452
5.96772 62 6476 6158 70 68713
11.092937672 9710191 102 921024
14.2120125122 101132 95141 122123 1205
13.6140136151 122154 152 120152146 1306
20.5153139129121 149156158171 1851667
165 18.7157140174 132 165170187177 1828
Initial




CUMULATIVE WEIGHT GAIN FOR FEMALE ALBINO RATS 
RECEIVING 10 PER CENT PROTEIN FROM NON-FAT DRY MILK
Week 702 704 707 709 712 714 S. D.Mean
1 19 15 14 12 11 6 13 4.4
2 42 37 46 45 42 28 40 6.7
3 7463 64 67 69 49 64 8.5
4 96 98 81 88 81 55 83 15.6
5 111 115 112 109 101 77 104 14.1
6 132 133 131 128 123 12497 13.7
7 127141 143 126 13.7126 105 128
8 126151 152 148 128 102 135 19.7
Initial
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Various individual and supplemented plant proteins were studied 
by the protein efficiency ratio (PER) method to determine their relative 
abilities to promote growth in young albino rats.
10 per cent level of protein in an otherwise adequate ration.
A soy fiber product was found to have a PER which was not 
significantly different from that of the control, which received non-fat
Animals received a
Despite good growth, however.dry milk as the only source of protein, 
these experimental animals failed to show satisfactory reproductive
When wheat gluten, lentils or pinto beans were used indivi-responses.
dually as protein sources, the resulting PERs were significantly below
that of the control group.
The most important aspect of this study was the development and
testing of vegetable protein combinations. Mixtures were based on
30:50:20 blends of a legume (lentils or pinto beans), a cereal (corn- 
meal or wheat flour), and an oilseed (peanuts or pecans). In all cases.
the PERs of the supplemented rations were significantly higher than
They were, however.those observed when the legumes were used alone.
significantly lower than the control in all cases, and several animals
developed ragged fur or other evidences of nutritional imbalance.
Further study will be necessary to determine how the mixtures
might be improved before they could be recommended for human trial.
ii
